The mouse acrodermatitis enteropathica gene Slc39a4 (Zip4) is essential for early development and heterozygosity causes hypersensitivity to zinc deficiency.
The human Zip4 gene (Slc39a4) is mutated in the rare recessive genetic disorder of zinc metabolism acrodermatitis enteropathica, but the physiological functions of Zip4 are not well understood. Herein we demonstrate that homozygous Zip4-knockout mouse embryos die during early morphogenesis and heterozygous offspring are significantly underrepresented. At mid-gestation, an array of developmental defects including exencephalia, anophthalmia and severe growth retardation were noted in heterozygous embryos, and at weaning, many (63/280) heterozygous offspring were hydrocephalic, growth retarded and missing one or both eyes. Maternal dietary zinc deficiency during pregnancy exacerbated these effects, whereas zinc excess ameliorated these effects and protected embryonic development of heterozygotes but failed to rescue homozygous embryos. Heterozygous Zip4 embryos were not underrepresented in litters from wild-type mothers, but were approximately 10 times more likely to develop abnormally than were their wild-type littermates during zinc deficiency. Thus, both embryonic and maternal Zip4 gene expressions are critical for proper zinc homeostasis. These studies suggest that heterozygous mutations in the acrodermatitis gene Zip4 may be associated with a wider range of developmental defects than was previously appreciated, particularly when dietary zinc is limiting.